Virus-specific double-stranded RNA molecules extracted from x7 strain influenza virus infected cells were characterized by electron microscopy. Molecules 0"33, o'67, and I.O #m in length were frequently observed, and possibly five or more subunits could be identified.
INTRODUCTION
Influenza virus ribonucleic acid (RNA) and virus-specific double-stranded RNA of infected cells have been reported to consist of five and possibly as many as IO polynucleotide species (Duesberg, 1968; Pons & Hirst, I968; Content & Duesberg, 1971; Lewandowski, Content & Leppla, I97I; Skehel, I97I; Young & Content, 1971) . These studies involved analysis of RNA by polyacrylamide gel electrophoresis and analysis of the 3' and 5' termini of RNA subunits. However, in the characterization of the RNA-genome by electron microscopy, molecules were illustrated with length measurements which would correspond to estimated mol.wt, of 3 to 5 x lO 6 (Li & Seto, I97I) . The study was extended to include examination of the virus-specific double-stranded RNA of influenza virus infected cells. For small RNA viruses the double-stranded molecules of infected cells and single-stranded RNA isolated from purified virus were reported to be identical in length (Granboulan & Franklin, 1966; Granboulan & Girard, I969) . In this paper we will present evidence of the observation of several species of double-stranded RNA. The predominating length measurements of the double-stranded RNA molecules correspond to the RNA subunits isolated from influenza virus particles (Skehel, 1971) .
METHODS
Virus. Influenza x7 strain was used, and it was propagated and assayed for haemagglutinating activity (HA titre) as described previously (Li & Seto, I97I) . x7 virus was concentrated and purified by the method of Nayak & Baluda (1967) .
Extraction of virus RNA. The general experimental procedures for the extraction and isolation of RNA from highly purified virus (Nayak & Baluda, 1967; Li & Seto, 1971 ) and from infected tissue and cell cultures were as reported previously (Nayak & Baluda, I968) . Infected cells, stored at -6o °C, were thawed in a 37 °C water bath and resuspended in pH 8"5 extraction buffer. For each ml of packed cells the final volume of buffer was 2o ml; RNA was extracted by the sodium dodecyl sulphate (SDS) phenol method. RNA was IOO SHIRLEY S. CHANG AND J. 1. SETO precipitated by the addition of sodium acetate and z vol. of ethyl alcohol and stored overnight at -2o °C. The DNA-rich fraction of RNA was not pooled with RNA flocculus after treatment of the two components separately with deoxyribonuclease. To isolate doublestranded RNA from infected cells, RNA flocculus was dissolved in pH 7"4 RNA buffer and an equal volume of 4 M-LiC1 was added to give a final concentration of 2 M-LiC1. The mixture was stored at 4 °C for 4 to 5 h and centrifuged for 3o min at 17o00 rev/min in an RC-2B Sorvall centrifuge equipped with an SS-34 rotor. Double-stranded RNA of host celt origin was precipitated by 2 M-LiC1 (Kimball i& Duesberg, 197 I) . Soluble virus-specific doublestranded RNA was diluted in pH 7"4 RNA buffer and precipitated with ethanol. Some LiC1 soluble double-stranded RNA preparations were purified in a CF-11 cellulose column as described by Pons (I967) . Preliminary experiments were carried out, with [laC]-uridine labelled RNA from control and x 7 virus infected cells, to make certain the method was effective for our purposes. RNA preparations were analysed at 26o and 28o nm and all preparations had E2~o/E2so ratios of greater than two.
Tissue and cell cultures. Secondary chick embryo tissue and clone t-5C-4 Chang conjunctival cell cultures and media used were as reported before (Seto & Chang, 1969) . Adsorption period of x7 virus was I½ to 2 h and at an input multiplicity of lO.
Electron microscopy. Virus RNA samples were diluted with pH 7"4 RNA buffer (final concentration varied from IO to lOO/,g/ml) and prepared for examination by a modified Kleinschmidt method (Li & Seto, 1971) . Samples treated with ribonuclease (IO #g/ml) were diluted in 2 × SSC (SSC = o'15 M-NaC1 and o'o15 M-sodium citrate). Nuclease treatment was for I o to 15 min and RNA was' spread' immediately on a protein monolayer. Specimens were shadowed with uranium at an angle of 6 to 8 ° in two directions and examined at a magnification of 770o × with an RCA-EMU-3G electron microscope at 5o kv. Lengths of RNA molecules were measured on prints, at a final magnification of 3ooo0 ×, with a map measurer.
RESULTS

Analysis of x7 virus RNA
x7 virus RNA molecules were examined in the electron microscope. Molecules with a mean of 2"53 #m, mode of 2"58 #m, a minor peak at 3"51 #m and a few molecules as long as 5 #m in length were observed, similar to previous findings in this laboratory (Li & Seto, t970 . Two preparations containing purportedly the intact virus-genome were assayed without success for infectious RNA, most likely because of the lack of the presence of a 
Analysis of double-stranded RNA
R N A was extracted from x7 influenza virus infected conjunctival cells, I8 h after infection (p.i.). In order to isolate the virus-specific double-stranded R N A molecules, the R N A solution was made to contain 2 M-LiCk Salt soluble molecules were reprecipitated with ethanol and resuspended in pH 7"4 R N A buffer prior to spreading on a protein monolayer. (Fig. 6) , and fewer molecules much greater than I'3/~m long were seen. The histograms of RNA molecules from chick Comparative analysis of single-and double-stranded RNA Length measurements of double-stranded RNA molecules are compared with singlestranded x7 virus RNA pieces (Li & Seto, I97I) , together with other reported results (Skehel, 1970 . Values from Skehel's paper are translated into corresponding length measurements, by the method used in calculating estimated mol. wt. from length measurements of molecules (Li & Seto, I970 . The length of double-stranded molecules we observed are in general agreement with single-stranded virus-RNA length measurements (Table i) .
DISCUSSION
Influenza virus RNA molecules were isolated from virus particles and examined in the electron microscope. Previous findings from this laboratory were confirmed (Li & Seto, 1971) . Molecules with a modal length of 2"5 #m, a mean of 2"58 #m, and some as long as 5/tm were observed. These length measurements correspond to estimated mol. wt. of 2-7 × io 6, 3.0 x io G, and 5.o x io 6, respectively. Recent estimates suggest that the total tool. wt. of the RNA-genome subunits may be 5 x lO 6 (Lewandowski et al. I97I) .
In this electron microscope study of double-stranded RNA isolated from influenza virus infected cells, several subunits were observed. The most prominent lengths were o'33, o'67, and I.o #m, and consisting of possibly six to eight subunits, which could be identified. Length measurements of x 7 virus-specific double-stranded RNA molecules are consistent with the length of the pieces of RNA isolated from x 7 virus particles, which were exposed to pH 3 treatment to fragment the genome (Li & Seto, I97I) . These results (Table I) correspond remarkably welt with length measurements calculated from mol. wt. estimations of single-stranded RNA analysed by polyacrylamide gel electrophoresis (Skehel, I97I) . The observation, by electron microscopy, of relatively long x 7 virus RNA molecules isolated from particles and of several size-classes of x7 virus-specific double-stranded RNA extracted
Double-stranded ribonucleie acid
Io 5 from infected cells is unlike that reported for small RNA viruses. In the latter instance the RNA-genomes are of identical length with their respective double-stranded RNA molecules (Granboulan & Franklin, I966; Granboulan & Girard, I969). Thus, our findings support the interpretation that influenza virus RNA is synthesized as pieces on templates of varying lengths (Pons, I97I) . On the other hand, the mechanism by which the genome subunits assemble into one molecule within the particle is unknown.
